Introduction
Carcinoma of the breast is by far the most common malignancy in women with growing incidence worldwide. 1 It is also the most common malignancy among the Chinese female population in Hong Kong where one in 19 women suffer from the disease. It is the second most common cancer causing brain metastasis, 2 with lung cancer at the top. Brain metastasis typically occurs late in metastatic breast disease, usually with preceding lung, liver, or bone metastasis. 3 In the past, the central nervous system (CNS) is a relatively rare site of metastasis. The incidence of brain metastasis has previously been reported ranging from 10% to 16%. 4 However, due to the improvement in the control of other systematic manifestations of breast cancer, the incidence of brain metastasis is now increasing. 5 Prognosis of these patients is poor, with a mean 1-year survival estimated to be around 20%. 6 Multiple treatment modalities have been suggested, 7 but only the use of whole-brain radiation therapy and surgical resection of solitary tumors in highly selected patients have been shown to improve survival rates. Hence, identifying a subgroup of patients with risk factors for brain metastasis would justify the implementation of a more rigorous surveillance program after primary treatment of breast cancer, which in turn enhances the opportunity for timely intervention. The aim of our study was to identify clinicopathological factors that would predispose to the development of brain metastasis in Chinese female patients.
Methods
From January 2001 to December 2008, 912 patients with breast cancer were treated at the Department of Surgery, University of Hong Kong Medical Centre, Queen Mary Hospital, Pok Fu Lam, Hong Kong. Of these, 30 patients were found to have either solitary or multiple brain metastases. The clinicopathological data of these patients including age, tumor size, axillary lymph node status, histological grade, estrogen receptor (ER) and progesterone receptor (PR) status, HER2 oncogene expression, and triple-negative disease status were retrospectively reviewed. Patients with synchronous brain metastasis and breast cancer were excluded from this analysis. The time to diagnosis of brain metastasis was defined as the time from histological diagnosis of breast cancer to the time of detection of brain metastasis. Survival analysis was conducted using KaplaneMeier methods and compared between subgroups using the log-rank test. Continuous variables were expressed by mean with the confidence interval given in parentheses and compared between subgroups using the Student t test. Categorical variables were compared between subgroups using the Chi-square test or Fisher's exact test, if appropriate. Risk factors for brain metastasis were first identified by univariate analysis followed by multivariate analysis for the significant factors by Cox proportional hazard model. A p value < 0.05 was taken to be significant. All statistical analyses were performed using SPSS software version 20 (SPSS Inc., Chicago, IL, USA).
Results
The clinicopathological characteristics of the two groups of patients are presented in Table 1 . There was no difference in age and the duration of follow-up between the two groups. The mean time to develop brain metastasis was 29 months. Patients who developed brain metastasis were more likely to have a higher histological grading of primary tumor, a more advanced T stage and N stage, a higher incidence of positivity for ER and PR status, and a lower frequency of triple-negative disease. On multivariable analysis, only histological grading of the primary tumor was identified as the independent risk factor for the development of brain metastasis (odds ratio 6.83, 95% confidence interval 2.04e22.91; p Z 0.002). The mean disease-free survivals for patients with and without brain metastasis were 40.2 months and 76.8 months, respectively, and the Data are presented as n (%) or n (range). ER Z estrogen receptor; PR Z progesterone receptor. a On multivariable analysis, only histological grading of the primary tumor was identified to be independent risk factor for the development of brain metastasis (odds ratio 6.83, 95% confidence interval 2.04e22.91; p Z 0.002).
corresponding 5-year disease-free survival rates were 24% and 78% (Fig. 1) . The mean overall survival rates for patients with and without brain metastasis were 40.2 months and 74.2 months, respectively, and the corresponding 5-year overall survival rates were 24% and 74% (Fig. 2) .
Discussion
Breast cancer-associated brain metastasis is a manifestation of advanced disease with dismal prognosis. The median survival from the time of diagnosis varies from 5 weeks to 7 weeks and the estimated 1-year survival rate is w20%, depending on the extent of cortical involvement and the choice of treatment selected. 6 With improvements in systemic chemotherapy and molecular target therapy, control of extracranial metastatic disease may no longer be the only factor that dictates survival. A study by Bendell et al 8 showed that a median survival of 13 months was attainable in patients with metastatic breast cancer treated with trastuzumab.
The results of this study show that patients with higher T stage, N stage, histological grading of tumor, ER-negative, PR-negative, and C-erb-2-positive status were more likely to develop brain metastasis. A drawback of our study is that the Ki-67 proliferative index was not routinely performed by the pathologist in our centre until the recent few years, and therefore the patients in this study could not be stratified into different molecular subtypes for more sophisticated analysis. Among all the factors analyzed, the histological grade of tumor was found to be the most powerful risk factor for the development of brain metastasis. Hence, it is conceivable to propose that a more vigorous surveillance program including brain imaging at regular intervals should be offered to patients with a highgrade tumor after primary treatment of breast cancer. The majority of patients with brain metastasis are often diagnosed late when they become symptomatic, and therefore only very limited choices for further treatment are available. The implementation of a vigilant surveillance program in asymptomatic patients with a propensity to develop brain metastasis based on the pathological risk factors may therefore improve the chance for timely intervention. However, the cost effectiveness of such strategy needs to be elucidated in further studies.
Although statistically not significant, patients with HER2 overexpression seemed to be more likely to develop brain metastasis. The presence of HER2 overexpression has received much interest due to the evolution of targeted therapies in the management of breast cancer. There have been many hypotheses on the molecular mechanisms, which have been proposed to understand the tumor aggressiveness phenotype. 5 In addition, the introduction of trastuzumab has brought good responses in the management of breast tumors with HER2 overexpression. 9 However, although improvement in the control of disseminated disease and prolongation of survival had been reported with trastuzumab, this provided an opportunity to the development of occult brain metastasis, which would otherwise remain clinically silent before the patients' death. 10 Furthermore, the poor bloodebrain barrier permeability of trastuzumab rendered the CNS a sanctuary site for metastasis. The development of newer ErbB2 inhibitors such as lapatinib, an oral dual tyrosine kinase inhibitor targeting HER1 (also called EGFR gene) and HER2, 11 may be beneficial to this group of patients as it is a smaller molecule that is capable of penetrating the bloodebrain barrier. 12 Pertuzumab, a new generation humanized anti-HER2 monoclonal antibody, has also shown promising results when used in conjunction with trastuzumab (Clinical Evaluation of Pertuzumab and Trastuzumab trial) in neoadjuvant and metastatic settings, and there is emerging evidence regarding its efficacy in brain metastasis. 
Conclusion
Effective treatment options in patients who present late with brain metastasis are often limited. Some prophylactic measures to prevent brain metastasis have been established in other cancers. For example, the use of prophylactic cranial irradiation could decrease CNS involvement and enhance survival 14 in patients with small-cell carcinoma of the lung. Hence, further study to evaluate prophylactic therapies in breast cancer patients who are at risk of developing brain metastasis could be worthwhile to improve the overall outlook of such advanced stage disease.
